INTRODUCTION
During the past decade numerous reports have appeared (2, 3, 5, 8, 12) concerning changes in electrical resistance (ER) of mucus in the anterior vagina associated with estrus in cattle. The ER tends to decline markedly at estrus, and cows inseminated with low ER have a higher pregnancy rate than those inseminated when ER is high (8) . However, there is conReceived June 26, 1978.
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siderable variation within and among cows, in addition to cyclic changes (5, 8) , partly due to techniques of measurement and inflammation in some animals. Following earlier research (5, 10) , an attempt was made in our laboratory to implant permanently various sensors in the anterior vagina for continuous recording. All attempts resulted in eventual inflammation and artifacts. Next a detailed examination of optimum probe design was undertaken (9) . This is a report of the value of a newly designed vaginal probe for detecting cyclic changes in Holstein heifers and cows. Because of the uncertainties of visual observation as a highly accurate indicator of estrus (3, 4) , milk progesterone analysis (5) was included when possible.
MATERIALS AND METHODS

Probe
The electronic probe consisted of a plexiglass rod 1.8 cm in diameter and 46 cm long, with two pairs of parallel stainless steel electrodes placed 90 ° apart near the end of the probe (Fig. 1 ). They were so placed that the dorsal and ventral pairs of electrodes were embedded 45 ° to each side of the vertical axis of the probe, one pair on the dorsal surface and the other pair on the ventral aspect. This was to permit measurements to be taken on the dorsal and ventral aspects of the anterior vagina. The electrodes were wired to an electronic circuit which supplied alternating voltage to the electrodes. The impedance or electrical resistance (ER) between the two electrodes is measured. Details of the engineering aspects of the probe are described elsewhere (9) .
So that dorsal and ventral areas in the anterior vagina could be measured separately, the dorsal and ventral pairs of electrodes were connected to a switch. When the "dorsal" switch was on, resistance was measured between the dorsal electrodes in contact with the dorsal surface of the vagina about 2 cm post- erior to the cervix. Then the tip of the probe was pressed gently down on the ventral floor of the vagina with the "ventral" switch turned on, and a measurement was taken. All readings were with a digital meter strapped to the waist (Fig. 1) .
After each cow was probed, the probe was wiped off and placed in a warm solution of disinfectant. Before the probe was inserted into the next cow, it was rinsed with clean tap water at body temperature. The water served to rinse the probe and act as a lubricant.
Animals
Three groups of dairy animals were examined. Group I consisted of 29 sexually mature virgin heifers housed in stanchions in a Cornell experimental unit. Group II consisted of 24 nonpregnant lactating cows in the Cornell milking herd 40 or more days postpartum. Part of the cows were in tie stalls and part were in pens. Group Ill consisted of 62 supposedly nonpregnant lactating cows in three commercial herds near Ithaca, NY. They ranged from 26 to 202 days postpartum. Two of the herds were in loose housing, and one was in a conventional stanchion barn.
Sampling Procedure
Animals in all groups were probed every 2nd day. The trial ran for 28 days in Groups I and II and for 40 days in Group III. On the same day cows were probed, milk samples were taken by the dairymen after removing the milking machine. These samples will be referred to as last milk.
Progesterone Assay
The progesterone content of last milk was determined by a radioimmunoassay procedure (1), which was validated in this laboratory for milk following an extraction procedure to remove neutral lipids (5, 13) . A highly specific antibody for progesterone was used. All samples were analyzed in duplicate.
Visual Observation of Estrus
The heifers in Group I were checked carefully by an experimentalist twice daily for standing heat while in an exercise yard and for mucus discharge while in the stanchions. Cows in Group lI were observed by persons working in the loafing area throughout the day and night. Most of the heats, however, were reported during the two milking periods from noon to 1700 and from midnight to 0500. The heat detection in the commercial herds varied, depending upon each dairyman's work schedule. In loose housing, most of the detection was just prior to and after each milking. Cows housed in the stanchion barn were turned out after each milking and presumably observed. Dairymen were asked to record all heats. However, other farm work during summer may have taken precedence as cows that appeared to be cycling, based upon other measurements, frequently did not have heats recorded.
Other Measures of Cyclic Changes
Milk progesterone content was determined. KaMaR Heatmount Detectors and/or chalk on the rump (3) were used where possible to provide additional evidence of the incidence of estrus to relate to the ER values.
Analysis of Data
Results are based on fewer cows than initially were assigned to the groups because some did not cycle, were abnormal, and/or were sold. Means and standard errors for the different measurements and correlations between ER and milk progesterone values were calculated. heifers is in Fig. 2 . Dorsal readings were higher than measurements in the ventral position. Seventy-seven percent of the ventral ER readings were lowest on the day of estrus and 59% of the dorsal ER readings were lowest at that time. The failure of the dorsal ER to decline sharply at estrus was atypical. It may reflect a smaller pool of mucus in these heifers as they were probed after returning from the exercise yard for detection of estrus. The small decline on days 9 to 10 after estrus was not significant, but it may reflect the development of a midcycle follicle. While not observed in this group, we have recorded occasionally low ER associated with estrus at intervals of about 10 days.
RESULTS AND DISCUSSION
Group
All animals had KaMaR Heatmount Detectors or wide chalk marks on the back. There were 22 triggered KaMaRs or chalk erasures on the day of estrus, 3 the day before, and 3 the day after estrus. There were 4 triggered KaMaRs throughout the rest of the observation period. Thus, agreement among the different procedures for detecting estrus was close.
Group II
Only 19 of the 24 lactating cows in this group cycled during the observation period and are included in Table 1 . The mean dorsal ER values paralleled the ventral ER closely but were higher. Therefore, only ventral ER data are presented. However, there was merit in making both readings because the average of the two on the day of estrus was lowest 95% of the time whereas the ventral ER alone was lowest only 58% of the time and the dorsal ER alone was lowest 63% of the time.
Milk progesterone was lowest on the day of estrus, and the concentration increased more slowly than did ER values. This was expected as the corpus luteum secretes little progesterone in the cow until about 5 days after estrus. The sharpness of the decline in average ER or milk progesterone values at estrus depends partly upon the accuracy of pinpointing true estrus. The latter can be a problem, especially under field conditions. The correlation between the two sets of values averaged over cows during a 21-day cycle was .58 (P<.01). For the 4 days immediately preceding ovulation, when major changes occur, the correlation was .92 (P<.01).
Of the five cows which did not cycle, three had metritis, causing probe readings to be low continually. The other two had high ER and milk progesterone throughout the 28 days, indicative of active luteal function.
Group tit
The pattern for cows in Group III was similar to Group I ( Table 1 ). The lowest values for both ER and milk progesterone were on day 0, followed by an increase and then a decrease about 17 to 18 days later. Values had not returned completely to original values for all cows by day 20, the stage of the cycle for some cows when the experiment was terminated. Those returning to estrus had a progesterone concentration of 1.6 + .46 ng/ml and ER of 44 +-1.5. Correlation was .99 (P<.01) between ER and milk progesterone for the 4 days preceding estrus, a period when both values were changing. There was considerable variation in each trait, and the correlation for 90 pairs of individual measurements was only .34.
Only 33 cows of 62 listed by the dairymen originally as being available for the test are included in Table 1 . Losses from the initial group are instructive. Three cows were suspected to be pregnant because of consistent high milk progesterone and ER values (6, 7, 11, 12, 13) . These cows were found pregnant upon examination of the reproductive organs per rectum. Several cows appeared to have follicular cysts as judged by persistent low milk progesterone and ER readings, some with frequent estrus reported. Occasionally, pus was detected when cows were first probed, and these were deleted from the test.
Only 33 out of 62 cows appeared to be cycling normally during the test period based upon milk progesterone assays. This high 
General Observations and Conclusions
Twelve cows not seen in estrus in Groups 11 and III had cyclic ER pattern and were inseminated when the ER values were low. Seven of these cows conceived. The sample is small, but the fertility results are interpreted to indicate that ovulation likely occurred near the time of low ER readings.
The results are interpreted to indicate that electrical resistance decreases rapidly in the anterior vagina as mucus secretion increases associated with estrus (Fig. 2) . Because of the inaccuracies in detection of estrus under field conditions (false positives as well as detection failures), it is difficult to relate precisely changes in electrical resistance to true estrus. Cyclical 21-day patterns frequently were obtained with the probe when no estrus was detected, but these patterns coincided with those for milk progesterone. Limited breedings and palpation of the reproductive organs per rectum indicate that the lower resistance readings with the probe were associated with ovulation.
Thus, under conditions where detection of estrus is a problem, the probe appears to have considerable potential for identifying when to breed certain cows. Breeding tests are in progress.
